The light microscopic histopathology and cytopathology of papillary thyroid carcinoma (PTC) and its variants is amply depicted in reviews, books, and book chapters. One of the changes in PTC, however, that is infrequently discussed or illustrated in the literature is that of mucinous metaplasia. In the aspiration cytopathology literature, we are aware of only a rare report of PTC exhibiting extensive mucinous metaplasia. We present an example correlating the histopathology and fine needle aspiration cytopathology of a PTC that had metastasized on several separate occasions to cervical lymph nodes, and in the process demonstrated mucinous trans- The presence of mucin in endocrine neoplasms is an unexpected finding in contrast to its frequent production in non-endocrine epithelial tumors. This can assume diagnostic importance if the pathologist is asked to determine the site of a mucin-producing metastatic carcinoma in a patient with either an unknown primary or a remote history of cancer. Almost four decades ago, in a large study of the surgical pathology of various metastatic neoplasms (including 93 examples of thyroid cancer), Foster et al. concluded that "the thyroid is the only site studied that can be ruled out with great assurance when one is dealing with a mucicarmine positive metastasis" (1). Although reports to the contrary have been published (2-4), our impression is that many pathologists remain under the misconception that carcinomas of the thyroid are nearly all mucin-negative. This assumption from histopathology has been transferred to fine needle aspiration (FNA) cytopathology of thyroid carcinoma, where only rare descriptions or illustrations of extracellular mucin or mucin-filled vacuoles exist (5, 6). The aim of this article is to illustrate and describe the FNA cytopathology (and corresponding histopathology) of a mucinous papillary thyroid carcinoma (PTC) and to discuss the potential pitfalls related to this phenomenon.
The presence of mucin in endocrine neoplasms is an unexpected finding in contrast to its frequent production in non-endocrine epithelial tumors. This can assume diagnostic importance if the pathologist is asked to determine the site of a mucin-producing metastatic carcinoma in a patient with either an unknown primary or a remote history of cancer. Almost four decades ago, in a large study of the surgical pathology of various metastatic neoplasms (including 93 examples of thyroid cancer), Foster et al. concluded that "the thyroid is the only site studied that can be ruled out with great assurance when one is dealing with a mucicarmine positive metastasis" (1) . Although reports to the contrary have been published (2) (3) (4) , our impression is that many pathologists remain under the misconception that carcinomas of the thyroid are nearly all mucin-negative. This assumption from histopathology has been transferred to fine needle aspiration (FNA) cytopathology of thyroid carcinoma, where only rare descriptions or illustrations of extracellular mucin or mucin-filled vacuoles exist (5, 6) . The aim of this article is to illustrate and describe the FNA cytopathology (and corresponding histopathology) of a mucinous papillary thyroid carcinoma (PTC) and to discuss the potential pitfalls related to this phenomenon.
CASE REPORT
A 66-year-old man had undergone complete thyroidectomy at an outside hospital for PTC 10 years earlier after an initial right cervical lymph node biopsy revealed metastatic disease. Over the past decade, he has received three courses of radioactive iodine therapy and has had two separate surgical procedures to excise repeatedly enlarged right neck lymph nodes. On each occasion these nodes contained metastatic PTC both within the node proper and in extranodal soft tissue. No metastasis beyond the right cervical lymph node group has ever been detected.
He presented to our medical center because of a third recurrence of right cervical lymphadenopathy since his initial thyroidectomy. FNA biopsy of an enlarged right cervical lymph node was performed and revealed metastatic carcinoma. Subsequent surgical resection of the aspirated node and surrounding soft tissue was performed 2 weeks after FNA confirmed that diagnosis. One year after the FNA, he presented with a fourth recurrence of a right neck mass. This was excised without performing another prior FNA, and again it revealed metastatic PTC.
Pathologic Findings
Materials available for review included slides from two separate surgical specimens before the FNA biopsy, FNA smears, and two subsequent surgical specimens after the FNA biopsy. Aspirate smears were stained with both Papanicolaou and Diff-Quik stains. In addition to conventional hematoxylin and eosin stain, histochemical stains for mucin (mucicarmine, Alcian blue [pH 2.5], and periodic acid-Schiff stain with and without diastase digestion) were applied to tissue sections, as was immunohistochemical staining with prediluted antibodies to thyroglobulin (Dako Corp., Carpinteria, California) and calcitonin (Dako Corp.) and an in-house cocktail of three different cytokeratin antibodies (MAK-6, Zymed Corp., San Francisco, California; AE1/AE3, Boehringer Mannheim, Indianapolis, Indiana; CAM 5.2, Becton Dickinson Corp., Mountain View, California).
Aspirate smears contained many polygonal and fewer spindle cells in both flat and multilayered aggregates, and infrequently as three-dimensional branching papillae. Isolated single cells constituted a minor component of the smear. Cell nuclei were uniformly enlarged, round to oval, and had relatively smooth nuclear borders. Intranuclear inclusions (similar in color and texture to cell cytoplasm) were noticeably uncommon and difficult to locate. Papanicolaou-stained smears better highlighted the coarseness of the nuclear chromatin. Nuclei exhibited few nuclear grooves and indistinct nucleoli. Nearly all non-vacuolated cells had a moderate amount of finely granular eosinophilic (so-called metaplastic) cytoplasm, a characteristic feature of PTC (7) .
The most striking and unexpected cytomorphologic feature was the presence of abundant cytoplasmic vacuolar inclusions (Fig. 1 ). These vacuoles were variably sized, numbered from one to several per cell, possessed a discrete sharp smooth border, and often were larger than the cell nucleus. In a minority of cells, vacuoles occupied almost the entire cytoplasmic volume. This led to indentation and displacement of the nucleus to the cell periphery, producing a signet ring appearance (Fig. 2 ). In addition, many vacuoles contained one or more opaque globules/concretions. These globules varied in diameter, were nearly always spherical, and showed intense metachromatic staining with the Diff-Quik stain. When present singly, they gave the cell a "targetoid" appearance ( Fig. 3) . Cytoplasmic vacuoles and intravacuolar globules were more transparent with the Papanicolaou stain (Fig. 4) .
Tissue specimens from prior surgical specimens showed the histopathology of classic PTC metastatic to the lymph node. Careful examination of tissue slides resected 1 year before the current FNA showed only an occasional mucin-positive cell in what was otherwise typical PTC morphology. In contrast, excisional biopsy of the mass that had been aspirated 2 weeks earlier showed lymph nodes almost entirely replaced by a carcinoma with such widespread cytoplasmic vacuolization that it resembled a non-thyroidal metastatic clear cell carcinoma, or even a liposarcoma in some foci (Fig. 5) . Only a few areas with non-vacuolated papillary architecture could be found, which alluded to the true nature of the metastasis. Situated within many of the cytoplasmic vacuoles were concentric eosinophilic globular inclusions identical to those described in the aspirate smears. Histochemical staining showed positive reactions for mucicarmine, periodic acid-Schiff with and without diastase, and Alcian blue in both the vacuoles and inspissated globular concretions throughout the clear cell regions (Fig. 6) . Strong, diffuse cytoplasmic staining occurred with pancytokeratin antibodies in both clear cell and non-vacuolated foci. Staining with thyroglobulin was much weaker in clear cell areas and was best seen in the few non-mucinous areas of carcinoma. Immunohistochemical staining for calcitonin was negative.
Lymph nodes removed 1 year after the FNA again revealed metastatic PTC, but without the obvious clear cell areas described in the prior excisional biopsy. Although individual cells with mucinous metaplasia were present (as documented by positive reaction with the previously listed histochemical stains), these were much less obvious in this subsequent specimen and were seen only in isolated foci.
DISCUSSION
Except for medullary carcinoma (2, 5), most pathologists do not consider mucin production/metaplasia as part of the histopathology or cytopathology of thyroid cancers. Though PTC accounts for most thyroid malignancies, and its histo-/cytopathology are well documented, it is rarely associated with mucinous change as manifested by descriptions in major textbooks of the surgical pathology and aspiration cytopathology of PTC (8 -11) . Nonetheless, mucin production has been documented in both primary and metastatic PTC. Chan et al. (4) demonstrated mucin in 34/40 cases of PTC metastatic to lymph nodes. Only seven had intracellular mucin with mucicarmine-positive globules surrounded by a clear halo identical to those in our case. Mlynek et al. (3) found mucin in 45% of 142 thyroid carcinomas of various subtypes. Most exhibited only weak to moderate intensity, however. Intracellular mucin in their PTC cases had the same sharply delineated vacuoles with homogeneous eo-sinophilic inclusion bodies as we have described. Alves et al. described positive immunohistochemical expression of mucin antigens (MUC1, MUC2) in a high percentage (73%) of PTC cases, but they could not directly correlate their presence with biologic aggressiveness (12) .
Differential diagnosis of mucinous metaplasia includes both lipomatous transformation and clear cell change within the thyroid. Mature adipose tissue has been described as a component of both PTC and non-neoplastic thyroid lesions in a small percentage of cases (13) . In tissue sections, mature adipose tissue can be distributed as discrete aggregates within the thyroid, or it can diffusely infiltrate the gland. A diagnosis of thyrolipoma/thyroid lipomatosis should be made with caution if only iso- lated adipose tissue fragments are found in thyroid aspirates, because the lack of a spatial relationship with the surrounding tissue precludes determination of the exact site of these fragments. Only if follicular cells are admixed with mature lipocytes can one be more confident of this entity. In one of the rare reports of the cytopathology of thyrolipoma, such a mixture was present (14) . Lipocytes had large single vacuoles with small nuclei and lacked the mucinous features described in our case.
Clear cell change also has been described in tissue sections of both benign and malignant thyroid tumors including PTC. The etiology of this clear cell change (sometimes leading to the formation of signet ring cells) has been ascribed to a variety of factors, including the accumulation of cytoplasmic vesicles, glycogen, mucin, lipid, and even thyroglobulin in some examples (15) . Clear cell change rarely is described in cytopathologic descriptions of primary thyroid neoplasms, and when present one is more apt to be dealing with a metastatic tumor. Reports of metastatic renal cell carcinoma discovered by thyroid FNA biopsy as the initial manifestation of disease are not rare (16) . Smears of renal cell carcinoma contain large cells in loosely cohesive aggregates and singly dispersed with abundant cytoplasm that contains multiple cytoplasmic vacuoles. Vacuoles are optically clear, variably sized but generally small (almost never attaining the same size as the nucleus), and lack the targetoid appearance seen in our example. The same form of cytoplasmic vacuolization has been described for the rare example of clear cell change in a primary thyroid neoplasm (17) . So-called marginal vacuoles are small cytoplasmic vacuoles not readily confused with mucinous metaplasia. These are small, pale, bubble-like vacuoles that are peripherally situated (budding from the cell membrane), that often have a dense border, and are reliably seen only in Romanovsky-stained (Giemsa, Diff-Quik) smears. They may represent small colloid droplets, are commonly encountered in smears of Graves' disease where the term "fire flares" also has been used (11) , and also have been reported in smears of follicular neoplasms (18) .
Intracytoplasmic optically clear vacuoles are not uncommon morphologic constituents in diagnostic aspiration cytopathology. They have been described in aspirate smears from a broad range of neoplasms encompassing all major tumor categories and often are one of the helpful morphologic ingredients used in formulating a diagnosis. Cytoplasmic vacuoles may range from multiple fine structures within the cell (e.g., renal cell carcinoma, Burkitt lymphoma, Ewing sarcoma), to single signet ring-type vacuoles (e.g., gastric carcinoma, mesothelioma), to large, peripherally placed blisterlike projections that distort the outline of the cytoplasmic border (e.g., seminoma). A peculiar type of cytoplasmic vacuole that harbors a central circular concretion often has been referred to as a "target" or "targetoid cell." Although such a cell has long been recognized as characteristic of breast carcinoma (particularly lobular carcinoma) (19) , and is encountered in tissue sections and aspiration smears alike, it is not unique to that malignancy. Nonetheless, because targetoid cells are commonly associated with breast carcinoma, their presence in metastatic deposits has been found to be diagnostically profitable by several authors in directing attention to the breast as the site of origin (20 -22) . The spherical intravacuolar globule is thought to represent inspissated granular mucin, and ultrastructurally it is an electron-dense body surrounded by a vacuole, which, in turn, is lined by uniform microvilli (20) .
Similar to tissue pathology, the FNA biopsy literature has nearly always associated "targetoid" cytoplasmic vacuoles with breast carcinoma with few exceptions. To our knowledge, only rare examples of mucin-laden vacuoles in aspirate smears of thyroid carcinoma have been reported. Haleem et al. describe a case of medullary thyroid carcinoma with intracytoplasmic vacuoles containing amorphous mucin (5) . Discrete intravacuolar targetoid globules are not illustrated in their example, although electron microscopy demonstrated occasional vacuoles lined by microvilli. As part of a discussion of diagnostic dilemmas in thyroid cytology, Galera-Davidson illustrates an example of PTC with mucinous intracytoplasmic vacuoles but without the targetoid-type inspissated concretions (6) . Some authors in their discussion of breast carcinoma aspirates have referred to this targetoid structure as a "magenta body" because of its deep violaceous coloration and its distinctive appearance in air-dried Diff-Quik-stained smears (23) . Targetoid cellular vacuoles (magenta bodies) were present throughout the smears in our example of metastatic mucinous PTC. Had one not been aware of the history, it is doubtful that a metastasis from the thyroid would have been contemplated from the cytomorphology alone. Metastatic carcinoma from the breast, lung, salivary gland, or stomach would have been considered much more likely candidates as a primary source.
Our report emphasizes that metastatic PTC has the rare capacity for intracellular mucin production, which can appear as targetoid intracellular mucin vacuoles morphologically identical to those encountered more commonly in FNA smears of breast carcinoma. Careful clinical history and corroborating immunohistochemistry may be necessary to completely eliminate metastatic PTC from consideration when such structures are seen in aspirates of the head and neck.
